Vented Tank Resupply Experiment (VTRE) for In-space Technology Experiment Program (IN-STEP) by unknown
v..,. ... ~ 
Te,. • 
R ... pply NASA lewis Research Center 
Contract NAS3-25977 October 6,1992 
Vented Tank Resupply Experiment (VTRE 
for 
In-Space Technology Experiments Program 
. Ie •• STEP) 
Program Overview Presentation 
Presented at: 
NASA/DOD 
Flight Experiments Technical 
Interchange Meetin 
Presented by: 
William J. Bailey . 
~~ 
\;-~ ~ z ~ ~ ~) ~ Progra 'I ~ 
..... bS.D_ssa 52 ZJ. .... ___ .",_ 
....... , 
'. 
https://ntrs.nasa.gov/search.jsp?R=19930019522 2020-03-24T07:33:39+00:00Z
Vented ~ 
Tenk. 
VTRECONTRACTSUMMARY R •• u 
PROGRAM 
DESCRIPTION 
CONTRACT 
CUSTOMER 
DESCRIPTION 
OF WORK 08 
DESCRIPTION 
OF WORK "C/D 
PERIOD OF 
PERFORMANCE 
PROGRA 
MANAGE 
CONTRACT 
VALUE 
DEVELOP, DESIGN, BUILD & PROVIDE FLIGHT AND POST FLIGHT SUPPORT FOR A 
SHUTTLE HITCHHIKER EXPERIMENT TO INVESTIGATE AND DEMONSTRATE 
VENTED TANK RESUPPLY AND DIRECT TANK VENTING IN SPAC 
NAS3-25977 
NASA LEWIS RESEARCH CENTER 
AL SEIGNEUR· PROJECT MANAGER 
SPACE SHUTTLE FLIGHT 
LOW-G 
CONTINUE THE PHASE B EFFORT TO DESIGN, BUILD, TEST, AND DELIVER THE 
THE VTRE FLIGHT EXPERIMENT. SUPPORT TH 
OPERAnON OF THE EXPERIMENT AND REDUCE, 
DISSEMINATE THE RESULTS OF THE EXPERIMEN •• 
JUNE 1991· JULY 1992 (PHASE 8) 
AUGUST 1992 - MAY 1996 (PHASE C/D) 
WILLIAM J. BAILEY 
. 
MARTIN MARIETTA ) 
...... ~ 
.. 
'. 
1 
VTRE TOP-LEVEL PROGRAM SCHEDULE 
V.nted 
T.nk 
R •• up 
CALENDAR YEAR I i1~1 i i1~2 i i1~3 i ,1~4 , ,1ar:S, I 1 
ITE' 
PHASEB 
PHASE 
c/D 
MllESTO 
TASK 1: DEFINI110H OF EXP REQMTS 
TASK 2: 0 ,L, ~" "11:9111:" 
'AWATE FEASlBlUTY 
TASK 3: •• PROGRAM MANAGEMENT 
TASK4: . ' DEY';' 
DESIGN 
~ENT 
TAlK I : HIW FABRICATION . 
ASSEMBLY AND TEST 
TAlK I : MISSION OPERA' 
TASK 7: MISSION ANAL' 
TASK.: "em PROO 
MANAGEM 
ATP: AUntoRITY TO 
PAOCEm 
TCR:TEC 
CONCEPT Ar::V.&:W 
CoDR:C 
DESIO.N REVIEW 
PDR : PREUIIfNAR 
DESIONR 
ATP.> '}( }"\:,. :;=:::: . FDfU I . .6; ::"" ";" [ ····:1 +-1 "' , .&. .-
... ~~{: !tr:1}., ~:~;:;-
ItH::)~ l'ig l i ::':1 ::'1·::':' 
Il11111(t1% }~ ~)~ 
1 1~lImm14 
At~::ril' ::>.~ .F' A:'l¥~I:TI :CITI' I"j} kl:~ . ;;;:. :,} ,'it . f' :t 
...... , 
IAIpo!t ~~ ILi~ ~ ~'I ~~~ 
•• 
I ....L.-.-L.--,--,--,,--l I_L I 
I J~LLLJ JL I 
II 
j 
In 
I 
J 
I ~1..l1 I I I LU.-LJ.I I f I 
VTRE TOP LEVEL SET OF 
TECHNICAL OBJECTIVES 
• various Inflo 
• dlHerent drag 
• emp'" "" ... 1'1 I'IIM""."" .... 
Initial 
·dlHe 
Investlgat, 
venting 
liquid 
• Test categories refer to Technology Requirements Document (TRD) test 
which also establishes the Drlorltv of testl 
....... 
Demonst 
the ulla 
malntal 
. vent d 
level disturbance 
Vented ~ 
T.nk • 
Rft, 
recove 
of the c 
posltlo 
to posit 
ullag 
vent a 
disturb 
MARrINMARIET'TA 
'. 
VTRE TECHNICAL OBJECTIVE No 1 
TRANS 
VENT OUTLET LOCATED 
IN CENTER OF NON-
WlCKING REGION FO 
BOTH TANKS 
P""":=s...-~ ULLAGE VENTING 
DURING TANK FILL 
TO MAINTAIN DESIRED 
SS 
..--
V . MlI\N\ r:~ 
R .. 
4 PRESSURANTFOR 
FLUID EXPULSIO 
MIDWAY THROUGH 
THE 
MARTIN MARIETTA 
CAPILLARY WICKIN SSURE MUST EXCEED DYNAMIC PRESSURE OF INFLOWING LIQUID 
" 
VTRE TECHNICAL OBJECTIVE No 2 
y....,~ 
Ten" • 
R 
DIR"'~" 
TESTTANKB 
• GATHER BUBBLE GRO' 
·CHARACTERa~~FF~c 
-.... REDUCE TANK 
PRESSURE BY 
VENTINGT, 
ULLAG 
....... 
LARGER/SMALLER ULLAGE REGIONS THAN THE 
95% FULL CONFIGURATION WILL ALSO OCC 
THE REGION OF THE VENT PORT 
TEST TANK A 
' .. _. 
LS AND TANK GEOMETRY 
" 
" 
VTRE TECHNICAL OBJECTIVE No 3 & 4 
CA 
LIQUID RECOVERY CAPABILIT 
CAPILLARY VANE 
l 'at8 .11 lI. vl DEVICE WIL I II 1 ; ' RELOCATE 
UQUIDAFTE 
AN INDUCED 
U 
ACCELERATlO: 
TEST START 
TEST END 
AFTE 
.CCELERA' 
EMOVED 
tf~)$rE~MIN~ha.~f)M~ TIM.~jkOR\V~)N.~iP·~Yi,C~.~~:~ )~I ' 
....... 
S 
v...., (YllI\\'i) 
T8ftIc "'lJW 
R. 
-" 
~ 
VALUE ADDED OF VTRE TO VANE 
TECHNOLOGY DATA BASE 
r. ..... ; .R. 
11;tr.,~p;rr.&.w.J 
Ei(~~JJ~lJ$(itt]J 
[otsiti";!;1 : .• "_.: q .•. ~ .• 
~"-~ 
V7777l 
Test Tank Size 
Test Type 
-Fill 
- Vent 
- Outno 
TestTI 
Test Flul, 
Acceleration 
" 
Poor 
V""eII ~ 
T.nk V 
R •• uppty 
VTRE FUNCTIONAL BLOCK DIAGRAM 
SUPPORT SUBSYSTEMS 
" .' 
Vented 
T.nk 
R"uPJH~ 
.. 
'" 
Vent. ~ 
T.nk • 
R •• u 
EXPERIMENT SUBSYSTEM SCHEMATIC 
r-- ------------------I 
B ...--.--,.--~ 
-,... .... 
, .... , 
I ,. .. 
~B--
~ 
-...,. 
I 
CA .. 'CAM-I 
..... ~ ..  
~ 
'-/ 
o 
o 
o 
.... 
CANISTER 1 
L _ _ __ _ ___ _ _______ __ _ _ 
VfM....--. ...... .,WI 
I 
I 
I 
I 
I 
I 
I 
I 
, ....... 
r----------
e Ic..,_ , 
I 
--
GIl. 
~ 
c.oI"'1 
" 
'-/ g= 
'!!:.t .. -4 
fJ I , , 
...... ACCn.·, , 
,...... Accn.·a , 
r ...... Accn..a , 
I 
f 
£= =~ ",11 .. 3. 
CANISTER 3 
I L ____ _ _ _ __ ___ _ _ ____ _ _ 
....... 
r--------------------I 
I 
I 
I 
I 
I 
I 
I 
;re:-~ Ifnt.I 
Ie ~ '-y 
I'" 
I c..,_ 
.... ~ 1tMt • 
",IW 
-
IN 
-.. 
, ... 
... ......... - ... ." ... , 
o~ , 
CANISTER 2 
I L ______ __ _____ ______ _ 
RANGE 
FREON 113 TRANSFER 
IHTERCOHNECnNG 
PlUMBING 
MECHANICAL F1mNG 
~!~~~s I '18 
~-. ~ I f ilii == ' jut? , 
STRUCTURE 
LIGHTING (BEtiND 
STRUCTU 
...... , 
PLUMBINGICABUHG STRUCTURAL SUPPORTS (NO INTERCANISTER 
CABUNGSHO' 
Vented ~ 
T.nk V 
R •• up 
'i V41111, - lESTTAN 
UCTURE 
UGHnNO 
(BEHIND 
smuc 
MARTIN MARIETTA 
'. 
1 
• 
• t 
VTRE ELEMENTS INTERRELATIONSHIP 
IOLENOtD VlNT 
VALVl (TYP)\ PANEL 
VlHTLINl 
VlNT 
TO 
SPACE 
t 
GN2 STORAGE 
IOnLE 
, I =1 ~ \ ' 
CANISTEI 
TEST TANKA 
• 
,~ 
(TYP) 
CANISTER 3 
FLUID DtSmlBun 
ON2 PRESSURlZAnO 
ELECTRONICS MODULE 
.. 
.. 
LLFLO 
CONTROL 
PANEL 
VT:~. 
R .. 
CANISTE 
TEST TAN 
12 
~ 
'. .. 
• ,
VTRE ELECTRICAL POWER 
SUBSYSTEM (EPS) SCHEMl\TIC 
Til 
c - ._--) 
« , , , ! ...' ... ! l ' , , » 
nTAT 
"",·t nTAT 
CANISTER 1 
POWERDISm 
?!!! 
,~ 
VT::e 
R •• u 
nTAT 
'" 
13 
.... 
SUBSYSTEM .OF POWER AVERAGE 
UNITS PERUNfT LOAD 
OPERATIHO 
,HAS MAX 
ELECTRICAL POWER SUBSYSTEM 1_ 
POWER DlSml8UT1ON UNIT 1 3 3 
DCIOC CONVERTER 1 13 13 
10.2 
7 0._ 4.2 
3 1 3 
.. 1 .. 
5 0 0 
.. 1 .. 
5 25 75 
COMM.AND .. DATA SUBSYSTEM 21.1 
OOMPUTER .. WO UNITS 1 21.1 21.8 
ntEAMAL 0 
CANISTER 1 MAKEUP HEAT 1 110 0 
CANISTER 2 MAKEUP HEAT 1 10 0 
CANISTER 3 MAKEUP HEAT 1 10 0 
51.5 
4 U 5.5 
I 2 
... ... 
, 2 lAMPS EACH» 
1711.5 
I 112 1 100 2 110 12 I 
E POWERED DOWN BEFORE AFTER lEST SEQUENCES 
........ 
Vented 
. Ayt::gEi r~~ -•.. --~-NOTES 
IDLE 
1_ 
3 
13 
3 
3 
0 
0 
0 
0 
0 
21.1 
21.8 
17 
31 
31 
5 
0 
0 
0 
12 
TOTAL. I ., 
TOTAL. 17. 
TOTA.L. 1 
( 
1_ 
3 
13 
4.2 
3 
.. 
0 
.. 
75 
21.1 
21.1 
I 11 
I 100 
I WITH 110% EFFICIENCY I ADTECH 
I CONTINUOUSlY ON I DflICI( FtOWTECH 
I . 18 W INRUSH, 1 W HOlD 
I I PRO-lOO 
I NORMAll YONl. Y 1 I SONY 
I 12WFORFANS 
N7A R TIN N7ARIErrA 
01 CAllI I, . 
~ ~ 
UDIff".,VI 
CANISTER 1 
I ELECTRICAL INTERFACE ALlEVEl~ NrERFACE 
Ut 
'I, 
", 
flO rr---II.....---, 
....... , 
«.. 
Vent .. & 
Tank. 
R •• upply 
' . 
5 
.; 
'-
VTRE PAYLOAD ASSEMBLIES 
Size 
Assemblv Welaht X lin} Y lin} Z lin} Mount Power 
Test Tank A Module 191.61bs 19.7519.7531 .25 Modified 84.7w 
Test Tank B Module 109.4Ibs 19.7519.7531.25 Modified 84.7w 
Canister 2 (36.2 w 
Brl 
None 
) 
None 
Vented ~ 
T.nk ~ 
R .. up 
-Temp (C)-
s.m 
-15 to +42 
-1'5 to +42 
Fluid Distribution, 139.61bs 19.7519.7531.25 Modified 73.6 w None -4 to +42 
GN2 PressurlzaUon Canister 3· (47.4 w) 
& Electronic 
Ights Include 
dry welaht 
• May require 3' canister extension 
'-.. 
.. 
. Iuns 
,"'-
PAYLOAD DRY WEIGHT 
CONSUMABLES 
MARG 
LAU 
HITCH 
HITC 
o HH AVIONICS OR PLATES) 
ON ALL 
RGIN 
EQUIRED)* 
,VIONICS + PLATE 
COMPARISON WITH CARRIER CAPACITIES 
MASSES 
(LIM) 
W/MARG 
GAS CAN 
LIMITS 
200.0· 
139. 
00.0· 200.0· 
• GAS CAN LISTED WITH 200 LBM MAX CARRYING CAPABILITY, BUT STRUCTURE CAN HOLD 400 LBM WITH 140 REOUIRED FOR GAS CAN AlLOWING A 260 LBM PAYLOAD IN GAS C, 
,~ 
.. 
V.nted • 
T.nk 
R .. 
295.9 
~ 
381.4 
59.Z 
440.6 
420.0 
2.1M 
1070.6 
,VlONICS 
210.0 
210.0 
NlA R TIN /VIA RIETTA 17 
VTRETHERMALCONTROLAPPROACH USING HIT~··· ... , ....... ~ ..... " ..... 
MLIJl.INE HEATERS 
CANIS' (TEST TANK muUUI.I;) 
I \ I • , ••..••..••...•. 
~ANiSTERi~e"D HEATERS) 
,",,,, .. ..,CAS 
'", 
muuul.l;) 
MARTINMAR~A 
MODULE 
HEATERS 
Vented ~ 
Tank _ 
R .. , 
ARRIER APPROACH 
ER CANISTERS T 
LLOW FOR FLUID 
VE THE TOP MOUNTING 
.................... A. ""ONNECTIONS 
NTED SIDE BY SIDE ON A HH-M MPESS BEAM TO BE 
• CONFIGURATION COULD ALSO BE FLOWN AS A HH-G PAYLOAD 
ATTACHED TO THE ORBITER SIDEWALL 
Hltehhlck., 
Avionic, Unll 
Te.1 link A Module 
IClnl •• e, 1) 
Interconnecting Plumbing 
and Cabling 
NlARrlN NlARIErTA 
.. 
19 
-' 
VTRE ELEMENTS- INTERNAL AND 
Vented 
T ... 
Rnupply EXTERNAL FUNCTIONAL INTE s 
S'-"" "" """"""""".""""';"""""""'" ........ """"""""""""""""" "'8 ~ VTRE SYSTEM ~ 
- .. T_ t § - s: .. Cerrler ... .. :!Ii ~ 
-s 
-
-
I if!!f: g;. -;== :: ~ -§ ';~'«~""~";.:.;."""""".:., .. ,,,, 
, r § AvlonfC$ Comn."dl I \lW,s"W::f ' - k;i?;~:·:.'~ , ~ : -I" .. , ., ~ri;;G····· - § ......, I 'D~ § 
." SUpport . - § Comrnmd. 
.. I f j .. , FUOIIT ElEllElff h _ ...... J - • ~ MI s ~ I \ .... :.::.;. - § [_ ~ S :." § Accellf8tton ' I a 3 ! I 
'=::' ~C::' "': .': : § Thennlll I • I 
I ~ AI AI : ~ Other I 
-8 :!Ii § § '- . ~ Power I • § Cot § ;~. , , § I , . MeCi1':idc'8ltol\ ~ Commend. ~ ~'~ S . lit ~f 8 0 § ; Etec CII \ _ De.. § KSC _ § l Ground ti I ,; C .. ltntlon § 
.. ~ ~ support) :hfl ~ GSFC § Equlpment ... MenlMac n. § Johnson S 
- 8 § ~:; ./ § Spec. Mechenlcel. § ....:..... GROUND § Cent... ~ Eleclltcel. ~ ELEMENT ~ !lneumetlc .. § § 8 
:!Ii Proc ••• lng § I , r • § VTRE Goddard Support ~ a ~ OrtgIfUlled Com § _·;~.;l;":"···'''''' '';··<·':?·:·:·l § ~ EJrpertrnent PI', and : ~ Coordtnetton Coddlrd I :- ANI" .. and . s :: Spec. Flight ~ I SUpport P .... onneI § MI .. 1on Support Cen .... ':,~~.' .c· /" ,{:', ., l. ,-,/ .', " " : I 
nand. 
MARTIN MARIETTA 
....... , 
• 
"'~ 
vt:. 
R.supply 
MISSION APPROACH 
• VTRE TESTING TO BE INTEGRATED INTO MISSION TIMELINE IN A MANN 
THAT WILL MINIMIZE THE ORBITER IMPACTS 
• MAJORITY OF TESTING CAN BE PERFORMED DURING SLEEP PERIODS 
• ONLY ASTRONAUT INVOLVEMENT WILL BE TWO THRUSTINGS AND 
ONE ATTITUDE MANEUVER 
• EXPERIMENT CONSISTS OF 7 SEQUENCES THAT CAN BE CONTROLLED VIA THE 
GSFCPOCC 
• COMMANDS ISSUED IN SIMILAR MANNER TO THOSE SET FROM SSP IN 
OOB~R . 
• POWER ON/OFF, SEQUENCE START/STOP, AND SEQUENCE SELECT 
ARE ONLY REQUIRED COMMANDS 
/tIIA R TIN IYIA RIETTA 
....... 
21 
~ 
EXPERIMENT REQUIREMENTS IMPACT ON ORBITER MISSION 
V.nted ~ 
T.nk ~ 
R.,up 
• ACCELERATION 
• ALTITUDE 
• ATTITUDE 
• MISSION DURATION 
• CREW INTERACTIO 
• PAYLOAD WEIGHT 
• PAYLOAD POWER 
• EXPULSION RATE OF 
FREON IN P/L BAY 
• TEST START 
SHUTTLE PRes TO PROVIDE THRUST IN X AXIS USING THRUSTERS TO PROVIDE A p tJRE TRANSLATION IN " . 
STS ALTITUDE DEPENDENT 
REQUIREMENT. 
PRIMARY PAYLOADS; NO VTRE 
UTILE MUST 
IS 
44 HOURS MI 
LE ORIENTATION TO HIGH DRAG 
CH PANEL 
NISTERS AND HH AVIONICS 
... . 
START ASAP AFTER P/L BAY DOORS OPEN & CREW AVAILABLE 
...... , 
22 
V.nted • T.nk . 
R. 
EXPERIMENT GROUPING TIMELINE 
• EXPERIMENT BROKEN INTO 7 GROUPINGS OF TESTS WITH HOLD 
PERIODS INBETWEEN (OTHER GROUPINGS OF TESTS ARE POSSIBLE 
AND WILL BE EVAUATED) 
GROUP 1 
GROUP 2 
GROUP 3 
T .. FI · . 
~T"V, 
v..dTnFl·t 
~T"V, 
_ ... n .. FI · . 
~T"VI 
"...., T .. FI·2 
o,tT" 
"....,T .. FI·' 
~T"V, 
v..dT .. FI·' 
o,t T .. Vi 
T .. V ... ·' 
T .. VenllnV '2 
T .. VenIInV ' , 
T"~·4 
"...., T .. FI · . 
o,tT" 
HaId 
T .. "...· . 
T .. "...· . 
T .. "...·' 
T .. "....·. 
"....T .. FI ·4 
o,tT" 
• 
-~ 
-I 
I 
-• 
-• .~ 
...!!!!. 
-~ 
~ 
• 
..!!!!!!!!!!!!! 
~ 
• 
-
I 
-
VenIeII ' .. F.· 1 
T .. "",*". " -
~ 
I • . . 
o 1 2 3 
...... ~ 
4 
Time (hours) 
~""' ._..J .' 
. 
5 
- J 
. 
6 7 
'. 
8 
y 
Vented f.' 
Tank ~
R •• u 
• EXPERIMENT BROKEN INTO 7 GROUPINGS OF TESTS WITH HOLD 
PERIODS INBETWEEN (OTHER GROUPINGS OF TESTS ARE POSSIBLE 
AND WILL BE EVAUATED) 
GROUP 4 C 
GROUPS 
GROUpe [ 
GROUP 7 L 
HaIII 
u..,,*,· t 
u..,,*,· 1 
HaIII 
V..-IT .. FI · I 
VIII .. U .. FI · tb 
T .. "... . 14 
V..-I T .. FII - 1 
T .. "...." 
V..-I T .. RI · to 
T .. "... -14 
FUII~-1 
FUII~ ·I 
V..-IT .. RI · tt 
T .. "...· 11 
T"~·I 
T .. Ven*Ig · to 
T .. "... . tt 
Hal 
.,..,. ....... 
• 
-
-
-• 
-
-
-• 
-
-
--~ 
, , 
o 1 2 3 4 
TIme (hours) 
5 6 7 8 
MA RTIN MARIETTA 
....... , 
'. 
VT:. 
R •• u 
FULL EXPERIMENT TIMELINE 
CMIIIIrOpi 
v...M '_Rl· t.., 
......,CIIecIfGuI 
", .. "aRl· 
ClI» ' a v, 
--.. , .. RI ·, 
ClI» , .. v, 
--..,aFII ·I 
ClI» ' ri 
--,, '''RI ·Z 
ClI»T .. 
--.. T .. I'll . 7 
ClI» ' '' VI 
".... , .. RI·, 
ClI»T" V, 
Ta"...,. ·' 
, .. "...,. .z 
, .. "...,. . , 
, .. "...,. .. 
--.. T .. I'll . 1 
ClI»Tri 
'''"...,. · 1 
'''"...,. · 1 
'''"...,. · 7 
'''"...,. · 1 
v...MT .. F1I · . 
ClI»''' VI 
• ~ ~ , V' { 
o 
I 
1" 
I 
1" 
.,. 
I 
J 
I 
I 
I ,. 
"1 ,. 
"1 
• 
.-, 
-. 
"I 
I 
' ~~1;*;;: 
~:~: I~~?* [w·:: t t:\ 
,:;; .. ": 
:~:.~ 
f ::~ 
~· I ·.}j 
IF 
~ I~~:;» 
/::,:;:) 
h':l /; 
"':v:' .. ,::~::.:;.;: . 
-
';', 
-.::~:'::~,: 
.~::~ 
. e, ~ t . . .. 
.~ . 
'*1 'j< ~
' H 
T 
2· 
. 
ES THAT BOUND MISSION REQUIREMENTS 
:::~~~~~i;*i:~~~;i~: 
r~:,:;:<:::,,::<; f:~i~ 
::::~~ . .. ~::;::;~ 
.::~ ';'"=»::; 
~<:N;><;:;};:;s.:$ 
:.:.,::,.,:;;:,;' ..... ,;?~: 
":'~:*::{ 
i 
t~:;~~i ;~J~:W 
~~ ~~~~~*~~' 
~::!: :~:N'::~::" :~.:. 
~.;:~.~.)o:.-.~~;i:~::~ 
,~::~~~:w~( ~t 
~~~~~~~ft:::-?t 
t.',.... 'j',:~ .. 
, 
48 
........ 
, 
k,:<:;.:::j~:~ 
-.;:;::;.:;;-
fA\WtWf' 
.' . 'q 
W'?\,. 
:~~. ~:: 
w'·:·;::·:\: 
~*~:~;@;:. 
~~:::::;;;:::. -i'. t#~~~~M~~~:~
!¥ .. 
, 
12 
TIme (hours) 
min' 
!;: 
~lM~1~t~~@~ , 
f:@¥8~t~t~~r=; 
l{~r :i';::?:: .~::' 
.. ~ :Jt ::*l~· 
f~ff:~~~~~;~~~~ 
&"··~tf:~~**~*; 
lmum length mission 
length mission 
ti<:,,:: ".::, .:;:::. 
..... <.::;:::;~;~~~~~: 
~::,;~:.:.:::.:.:.:~~<::: 
, . 
~:x:~::~~~fu;:;:*: 
~l~~(-·~:~~:~~~ .. · 
~~"'~,;;~:1~ 
~)~~~i::~~M}';: 
~f~::r~t~;:;.:~:~ 
;. ;;.:~.~;;.~~ 
~:s :.:,.;-~ 
, 
96 
~*:;;~::,.,< 
.,:·;·k:·;·;;:·: 
::::i~=::l 
~:~~~::~~:~~'r~:: 
~f~~t:~*;::~~~ 
"'~<t:~~~:::«:;:~ 
t;e.~;;.:K'··;:;y"·' ~x.:" 
I~:;~;~::::~~~~:~ 
~:::~::~!;-=--~~ 
~:-~? ,::: ~:::::: 
'~:~;~:.!:{! 
,\~~r~:~~t#:!=; 
~'; 
120 
• 
iit:O::~·.-'::o..;:~:::;rx: 
f;~~:=;;~~i;:~:: 
}.:'·i .. :,.'.:,;~·*} 
t~~i?~~::~~i:\~~i:, 
':~:' ~;#;:: {~:;: 
~:·:·i~~~i>~~·;. 
:;::;,~~:r~:;:;:::::::·:·:· 
~~::::~~:~~~~~~;:.~ 
f:~~'~~:w~~t 
1~~::::: ':;::·;~:~::i:~t· 
_ ~::;~~?tJ:~~U; 
~::-~ ~- ~~~§~ 
144 
~ . -
'. 
25 
.. 
• TI 
FLO 
• GENERATED 
_ .. ".F.· la 
,. VenIInt · " 
"'~· I 
... ~·a 
HaIII 
"....' ... FI·. 
, .. -.... 
"....'.F.· 1 
'."..,..1' 
_ ..." .. F.·. 
, ... 
, .. v.ntrno . tt 
_ ... " .. FI · 1e 
, .. VIIIIna · '4 
AM Dllluill ... • • 
FUIt~ ·2 
".... , .. Fl· " 
, .. VtnIhI · .2 
'''v.rew.' 
, .. -.... 
, .. "...." 
..... ~ 
o 
ELINES THAT BOUND MISSION REQ 
.~;. ~..:: 
J' 
;C-.' 
r' 
::;?~:~:.~~*=: :. 
t· ~~~~:~r:tt~f:i 
P';:; 1:: i ""V'\\l=l 
:::::,:':' ,N 
Jt:'11 
H "iit d I 
t~r:~:It1 I 
r;"' :W\'dd I 
! , " "I I., ,,,c,: : 
~~ 
~" . j , 
t: .~: ,~::k • 
l::~:/':·::'i~i':"t. 
:ll ",: 
Si~':l 
~;<. ~: 
.,............ 
2, 
~,: 
:t-;.~~ , \:~:: -;:;;::;~~: 
$t ·:~(ttW~i· 
l:~:' .::~;:::-::::~;,~. 
~~ ';:~:~**~::.::::~~; 
'::'~;~~$~' :.,~~ 
[ '-:".:.:, r:~;:j 
I·' ,:,'Kr it I 1 "111 11 ~~.:;:.: _ ::~!lrt:: 
J,:;. h:,,'.,: 
~l tJh< 
] .:;: 
48 
...... , 
f!:'':'~:(.~ ' ''''' 1 
n[~j:rr~ :: ,~~I 
1i),;;?:X;~' 
ft~~:~~*~~f:f::*~~:; 
~~;f~t(btr 
jj<¥]L% 
~::::::::;;::;;;.:.:.;; 
;;~~~~;~;~~~~:::.~ ... 
f:~iMif:'m 
!~;;::!::" ':'.':t F:,W:'X~~! 
maximum length mission 
minimum length mission 
~t:~~~:~tH~.t:t 
l\r~l':~;;~~~ill:' 
i:~:~:;f@~~~~' 
~-::~:~::~~:;:'- -r:::;:{' 
I*'f:::·:~n~; 
f.:;~'~:;1 
~~ ~~i' .. ~?~ 
-:~~ ':f:%;~ 
l::[~i~::;:: 
~$1t~:~i:~;1W:~' 
tt~~:~}1f*tJ 
~r-~;MW::; .~ 
, f c,," , " fi;P,l:::,i: 
7 
Time (hours) 
" 
96 
I 
I 
EMENTS 
Wi:m:'Aft 
ff~J~~:;~:t;¥~ 
:::~::~:::~:!~:2 
;~::~:1~::~ 
i;:;{l:~~~;;;.:{t 
W:~~);~~~~:~;:;: 
~~·;;l::;~~:~~~~:::::·; 
'-'i:;:;;;o:)~~:~ 
W¥-Mtf'ti 
1?·W~;~lfti~~ 
~t,hUt:V:, 1 ~:kL:li·X 
:;;1 \~:~:{h 
··~~1~.1 i~~ 
3:'~~~~~~~:~~~;f: 
>c 
:;~~:)":':\' I I 
I 
I 
'~:~'::;:'~'H ... 
~t~~~:it§;tt 
~;:::; 
~ A ~~ .. :. .'._ :~] 
~j~t[=l~~~~ 
.-.:.~~:~::::i:~~: . 
120 
\?~/:{:~Q~~~{ 
~t:~ii·iCCf;;. 
~Wz:l1t:}~:~;~~ 
;;:~ 
f;::.i:;C 
I:@:t\::: 
~~::~I{~~;::::~:i: 
rt:$J .:~;.;t~:;:~ 
M:?i l ::Sn 
tMH1:.I~fir 
-, -- - - ,-
144 
MARTIN MARIETTA 26 
-'S: 
VTRE TOP ISSUES & MAJOR AREAS WHICH 
DRIVE THE DESIGN, COST & SCIENCE 
FIDELITY OF THE PROGR 
Ven .. & 
Ta ... 
R .. 
GURATION ON THE CARRIER 
• FREE DRIFT OF ORBITER & DESIRED THRUSTING FOR FLUID SETTLING 
• ALL DRIFTING ACCELERATION REGIMES 
• INTERFACE POSITION AND MAINTENANCE OF STABILIZED 
• STSSAFETY 
• MORE 
• VENnNG 
THAN SIMPLE GAS CAN EXPERIMENTS 
BAY 
o 
• PROTECTING TEST FLUID r:Rnu LHEATING 
• THERMAL MANAGEMENT USINO PRESS STER AND ClRCULAnON FANS ""'ARTIlY I'YIARIETTA 
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